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Aim: The aim of this prospective study was the comparison of four emergency medical service (EMS)
systems—emergency physician (EP) and paramedic (PM) based—and the impact of advanced live support
(ALS) on patients status in preclinical care.
Methods: The EMS systems of Bonn (GER, EP), Cantabria (ESP, EP), Coventry (UK, PM) and Richmond (US,
PM) were analysed in relation to quality of structure, process and performance when ﬁrst diagnosis on
scene was cardiac arrest (OHCA), chest pain or dyspnoea. Data were collected prospectively between
01.01.2001 and 31.12.2004 for at least 12 month.
Results: Over all 6277 patients were included in this study. The rate of drug therapy was highest in the
EP-based systemsBonn andCantabria. Pain reliefwasmore effective in Bonn in patientswith severe chest
pain. In the group of patientswith chest pain and tachycardia ≥120beats/min, the heart ratewas reduced
most effective by the EP-systems. In patients with dyspnoea and SpO2 <90% the improvement of oxygenyspnoea
ut of hospital cardiac arrest (OHCA)
saturation was most effective in Bonn and Richmond. After OHCA signiﬁcant more patients reached the
hospital alive in EMS systems with EPs than in the paramedic staffed (Bonn=35.6%, Cantabria =30.1%;
Coventry =11.9%, Richmond=9.2%). The introduction of a Load Distributing Band chest compression
device in Richmond improved admittance rate after OHCA (21.7%) but did not reach the survival rate
of the Bonn EMS system.
Conclusions: Higher qualiﬁcation and greater training and experience of ALS unit personnel increased
mprosurvival after OHCA and i
. Introduction
Each country in the European Union and in USA provides a
re-hospital emergency medical service (EMS) which is a unique
omponent of pre-hospital emergency health-care. Even though
hese systems have many similar there is no common European or
S standard. Some evidence currently exists, showing that edu-
ation and training of the personnel, organisation and logistics,
 A Spanish translated version of the abstract of this article appears as Appendix
n the ﬁnal online version at doi:10.1016/j.resuscitation.2010.11.001.
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triage andprioritisation, areof critically importance for EMSsystem
performance.1–3
The European Emergency Data Project (EED-Project) identiﬁed
ﬁve common indicators for European EMS systems describing the
quality of structure, process and performance.4,5
1. Unit hours p.a./100,000 inhabitants measuring the availability
of professional emergency life support (ELS), basic life support
(BLS) and advanced-live-support (ALS) available to the popula-
tion.
2. Response time (% within 480 s) for “highest priority response”
Open access under the Elsevier OA license.measures the time to pre-hospital emergency care for patients
who are presumed to have a life threatening condition.
3. Rate of “highest priority response” indicates the utilisation
and demand of organised EMS systems; it was deﬁned as the
annual number of responses for which an EMS unit is dis-
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Cantabria the lowest ratewas determinedwith 888highest priority
response/100,000/year.86 M. Fischer et al. / Resus
patched to a perceived life-threatening emergency per 100,000
inhabitants.
. Rate of “First Hour Quintet” incidents p.a./100,000 inhabitants
indicates EMS demand for critical conditions: Cardiac arrest,
severe respiratory failure, severe trauma, stroke and chest pain.
. Rate of ALS interventions p.a./100,000 inhabitants is an indicator
for the level of care provided by the organised EMS system. It is
calculated by counting ALS interventions such as drug applica-
tion, infusion, tracheal intubation and assisted ventilation.
A detailed comparison of EMS systems in Bonn and Birmingham
y the EED Project revealed that although both systems are compa-
able concerning response times and EMS structure they differed
emarkably concerning the quality and outcome of medical care.1
Weconductedaprospective studywhichevaluated theunderly-
ng structure, processes and medical performance of four different
MS systems. The ALS unitsweremanned by certiﬁed physicians in
wo systems (Bonn and Cantabria) and by paramedics in the other
nes (Coventry and Richmond).
The aim of this study was the comparison of the participating
MS systems concerning delivery of pre-clinical emergency med-
cal care and impact of this care on patient’s status and outcome.
he study endpoints were improvement of patient’s status, when
he ﬁrst diagnosis on scene was severe dyspnoea or chest pain, and
hort-term survival after cardiac arrest. The hypothesis to proof
as better prehospital medical care by physicians compared to
aramedics.
. Materials and methods
The study was carried out in the EMS systems of Bonn (DE),
oventry (GB), Cantabria (E) and Richmond, Virginia (USA). Coven-
ry was part of the West Midlands Ambulance Service.6 Data were
ollected prospectively between 01.01.2001 and 31.12.2004 for at
east 12 month after the EED group had reached ﬁnal agreement
n the list of indicators and methodology for data collection. Only
highestpriority responses”were included,when theﬁrstdiagnosis
n scene was cardiac arrest, severe dyspnoea or chest pain.
.1. Quality of structure
Organisation of the different EMS systems was determined by
questionnaire. Parameters considered were social-demographic
ey data, organisation and funding, dispatch technology, provided
nit hours, type and number of vehicles and number and qualiﬁ-
ation of EMS personnel. Unit hour is deﬁned as a fully equipped
esponse unit on a response or waiting for a response for 1h.
.2. Quality of process
The quality of process was measured as percentage of arrival
or “highest priority responses” within the response time interval
f 480 s. Response time interval was deﬁned from call reception in
he dispatch centre until arrival of the ﬁrst ambulance on scene and
as calculated using the time stamps of dispatch technology.
Additionally numbers of ALS-interventions were measured,
.e. tracheal intubations and application of the following drugs
r groups of drugs were counted: Oxygen, aspirin, epinephrine,
entanyl, heparin, morphine, nitro-glycerine, antiarrhythmics,
ronchiodilatators, diuretics, and sedatives.
.3. Quality of performanceBlood pressure was either measured by Riva-Rocci- or
scillotonometric-technique.Heart rate andoxygen saturationwas
eterminedwith ECGandpulse oximetry, respectively. Respiratory
ate was observed and recorded by the EMS/ALS staff. Severity ofn 82 (2011) 285–293
pain was determined using the four-level pain score (4 =no pain,
3 =moderate, 2 = strong, and 1=unconscious).
Within the group of chest pain patients, heart rate and pain
score were observed. Within the group of patients suffering from
severe dyspnoea, respiratory rate andoxygen saturationweremea-
sured. Quality of performance was measured by comparing pain
score and vital parameters before and after treatment by ALS staff.
After OHCA it was determined by calculating outcome in accor-
dance to the Utstein-Style.7,8 Return of spontaneous circulation
(ROSC) and hospital admission rate with ROSC were calculated.
Subgroups of patients found with ventricle ﬁbrillation (VF) or
pulseless electrical activity (PEA)/asystole were analysed in addi-
tion. The Richmond cardiac arrest data were collected within the
OHCA load-distributing-band (LDB) study, which was performed
as a phased, nonrandomized, observational study on outcome after
OHCA before and after transition from manual cardiopulmonary
resuscitation (CPR) to LDB-CPR.9
2.4. Data analysis and statistical methods
Numeric values were expressed by mean± SD. Heart rate
was classiﬁed into four classes (<60, 60–100, 101–119 and
≥120beats/min). Tachycardia was deﬁned as patients with a heart
rate greater than 120beats/min.
Respiratory rate was classiﬁed into four classes (0–11,
12–18, 19–29, 30–85breaths/min). Tachypnoea was deﬁned with
≥19breath/min.
Oxygen saturation measured by pulse oximetry (SpO2) and was
classiﬁed into three classes (≤90%, 91–95% and 96–100%). Severe
hypoxemia was deﬁned with SpO2 ≤90%.
Data analysis was carried out using SPSS® (Version 14.0, SPSS
Inc., Chicago Illinois, USA) and the online resources of Vassar Col-
lege, Poughkeepsie, NY.3 Signiﬁcance of frequency was analysed
by CHI2-test. Numeric values were analysed for statistical signiﬁ-
cance by using ANOVA and post hoc Tukey-HSD-test. Signiﬁcance
was assumed for p<0.05. Odds ratio (O.R., C.I. 95%) was calculated
in accordance to Bonn for admission rate to hospital after OHCA.
3. Results
3.1. Socio-demographic characteristics and structure (Table 1)
The Bonn, Coventry and Richmond EMS systems operate in
urban areas while the EMS system of Cantabria covers in addition,
rural regions, resulting in a lower population density.
Availability of organised EMS resources was determined by
summarizing unit hours (ELS +BLS+ALS). The highest rate was
provided in Coventry with 62,028 unit hours/100,000/year and
the lowest in Bonn with 21,151 unit hours/100,000/year. In Rich-
mond exclusively ALS units with 38,736 unit hours/100,000/year
and in Cantabria only ELS and ALS units with 28,056 unit
hours/100,000/year were provided.
Quality of process was determined by measuring response time
interval. It is obvious that in rural regions such as Cantabria fewer
patientswere reachedby theﬁrst vehiclewithin480 s than inurban
regions where 80–90% of the patients would get medical help in
that time.
The rate of highest priority response/100,000/year was much
higher in Richmond and Coventry than in Bonn and Cantabria. InThe structure and organisation of the investigated EMS systems
are presenteddetailed in Table 2. Themost obvious difference is the
3 http://faculty.vassar.edu/lowry/anova1u.html.
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Table 1
Physical characteristics, demographics, unit hours, response time interval.
Bonn Cantabria Coventry Richmond
Service area [km2] 141 5321 99 101
Served population 341,303 537,506 305,000 197,790
Population density [1/km2] 2421 101 3081 1958
ALS unit hours [1/100,000 inhabitants/year] 5,064 6,420 19,896 38,736
BLS unit hours [1/100,000 inhabitants/year] 16,452 Not applicable 42,132 Not applicable
ELS unit hours [1/100,000 inhabitants/year] Not applicable 21,636 Not applicable Not applicable
SUM of unit hours [1/100,000 inhabitants/year] 21,516 28,056 62,028 38,736
Response time interval [%] 85.4 66.0 78.3 88.0
Highest priority response [1/100,000
inhabitants/year] (HPR rate see Krafft et al.4)
1836 888 3336 6948
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eervice area and population served by the EMS systems; Unit Hours: A fully equi
upport; BLS: Basic life support; ELS: Emergency life support; Response Time Interv
riority Response” =patients who are presumably in a life threatening condition.ducation level of ALS crew members. In Bonn units were staffed
ith anaesthesiologists, employed at University Hospital of Bonn
nd Cantabria ALS units were staffed with general practitioners
able 2
escription of the EMS-systems.
Bonn
Provider City of Bonn/ﬁre
department
Dispatch technology Access to EMS/uniform emergency call
number
112/yes
Integrated interrogation schedule No
Caller identiﬁcation Yes
Caller place identiﬁcation Partially
Emergency prediction analysis No
Computer aided dispatch/clinical
evaluation
Yes/local standa
GPS vehicle identiﬁcation No
Computer aided mapping No
Radio data transmission Only vehicle
mission status
Vehicles Rendez-vous-system Yes
BLS/ALS location 4; 2
BLS/ALS vehicles (7:00–23:00) 5; 2
BLS/ALS-vehicles (23:00-7:00) 5; 2
Qualiﬁcation of staff Qualiﬁcation step 1 RH (320h
education)
Qualiﬁcation step 2 RS (520h
education)
Qualiﬁcation step 3 RA (2 years
education)
Qualiﬁcation step 4 Emergency
physician+
Deployed staff Qualiﬁcation dispatch center staff RA+FM
BLS staff minimum qualiﬁcation RA, RS
ALS staff minimum qualiﬁcation 1 RA, 1 emergen
physician
Quality Assurance Evaluation of mission charts Yes
Programs Internal audit: ALS missions and CPR Yes
Legal foundation of EMS RettG NRW
Pre Arrival Instruction No
A, Rettungsassistent; PM, paramedic; RS, Rettungssanitäter; EMT, emergency medical t
escue worker; FM, ﬁre man; P, police man/law enforcement; NHS, National Health Sy
ystem/Computer Aided Dispatch; MPDS: Medical Priority Dispatch System.
Special trained emergency physicians for master accidents and trapped patients (not on
3rd or 4th year of continued education to anaesthesiologist, 80h of emergency medic
mergency physician.
GP or family doctors.
Nurse with previous experience on ICU or emergency room; ALS, advanced life suppo
mergency medical service.response unit on a response or waiting for a response for 1h; ALS: Advanced life
cent of emergency patients reached by the ﬁrst vehicle within 480 s; HPR: “Highestor family doctor, all trained as emergency physicians whereas in
CoventryandRichmondparamedics are thehighest level ofmedical
care with no direct physician care.
Cantabria Coventry Richmond
NHS NHS EMS authority
061+112/no;
forwarding
999+112/no;
forwarding
911/yes
Yes Yes Yes
Yes Yes Yes
No Yes Yes
No Yes Yes
rd Yes/MPDS Yes/MPDS Yes, MPDS
Yes Yes Yes
Yes Yes Yes
GPS position Yes Yes
No Yes Yes
Located by GIS/CAD,
9; 4 1 Not permanent
Not applicable 6+1 ALS motor cycle 26; distributed by
GIS/CAD
Not applicable 3 26; distributed by
GIS/CAD
AM (160h education)
EMT EMT (520h education) EMT (110h education)
Nurse PM (2 years) PM (510h education)
Physician * Not applicable
Dispatch center
training
360h training PM
EMT 2 EMT First responder (FD, P)
cy Physician#, nurse,
EMT
1 PM, 1 EMT 1 PM, 1 EMT
Yes N.p. Yes
Yes N.p. Yes
NHS NHS Contract with city of
Richmond
No N.p. Yes
echnician; AM, ambulance men; N, nurse, ER or critical care; RH, Rettungshelfer;
stem; RettG, Rescue act North Rhine Westfalia; GIS/CAD, Geographic Information
scene at analyzed diagnosis groups).
al education including 10 life saving missions under supervision of experienced
rt; BLS, basic life support; ELS, emergency life support; n.p., not presented; EMS:
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Operators in all dispatch centres except Bonn were supported
y a computer aided dispatch, using digital radio systems, GPS
ehicle tracking and Advanced Medical Priority Dispatch System
AMPDS).
.2. Number of patients and rate of ALS interventions (Table 3)
In total 6277 patients were included, ranging from 489 in
antabria to 3733 in Richmond. Of these 6277 patients 505 patients
eceived endotracheal intubation, 3880 patients were given drug
herapy and in sum 10,204 drug administrations were performed.
In both physician based EMS systems intubation rate was sig-
iﬁcantly higher than in the paramedic staffed systems. In total
7.6–89.2% of patients received a therapeutic drug intervention
ith the highest rates in Bonn and Coventry; only in Bonn were
ore than two drug applications/patient (2.56±1.34) adminis-
ered. This is signiﬁcantly more than in the other systems. These
ifferences were also found within the three diagnostic groups.
atients with severe chest pain in Bonn received 3.11±1.33 drug
pplications/patient whereas in the other systems not more than
.67±0.8 drug administrations per patient were performed.
.3. Quality of performance (Tables 3 and 4)
.3.1. Patients with chest pain
2446 patients were included, ranging from 210 in Cantabria to
305 in Richmond. In 2163 of these patients pain scores were mea-
ured and recorded on twooccasions. Pain reliefwasmore effective
n Bonn compared to the other EMS systems in all patients with
ardiac chest pain and the subgroup of patients with ‘severe’ pain.
he four level pain score improved by 0.79±0.69 and 1.25±0.56
oints in Bonn, respectively, whereas improvement in the other
nes reached only 0.44±0.66 and 0.85±0.72 points. These differ-
nces were statistically signiﬁcant.
In 1945 patient’s heart rate was measured on two occasions.
rug therapy of tachycardiawasmore effective by physicians com-
ared to paramedics. In the subgroup of patients with tachycardia
120beats/min, heart rate was reduced by 36.4±25.8beats/min
Cantabria) and 23.5±24.8 (Bonn), respectively. In the paramedic
taffedEMSunits inRichmondandCoventryheart ratewas reduced
ess, by only 11.4±22.2 and 7.7±16.9beats/min, respectively.
hese differences between the physician and paramedic staffed
nits were signiﬁcant while there is no signiﬁcant difference when
omparing the physician staffed units.
In the subgroupofpatients suffering frombradycardiawe found,
hat all EMS systems were able to stabilize patients and to increase
eart rate into the normal range without differences between the
ystems.
.3.2. Patients suffering from dyspnoea
3152 patients were included. The range was between 143
Cantabria) and 2122 (Richmond). In 2171 patients’ respiratory
ate was measured on two occasions. The most effective reduc-
ion of respiratory rate was found in Bonn in the subgroups of
evere and slight tachypnoea. In Bonn emergency physicians were
ble to signiﬁcantly reduce respiratory rate in these subgroups
y 12.8±11.9 and 5.2±4.0breath/min, respectively. The physi-
ian staffed system in Cantabria and the paramedic systems of
ichmond and Coventry achieved a reduction in these subgroups
f only 6.0±7.2 and 2.8±2.8breath/min, respectively. Differences
etween the systems were signiﬁcant.In Bonn before and after treatment, 195 and 78 out of 494
atients showed slight or severe tachypnoea, respectively. In Bonn,
herefore, tachypnoea could be normalized pharmacologically in
0% of the patients. In the other EMS systems 1469 patients had a
espiratory rate ≥19breath/min which could be reduced by treat-n 82 (2011) 285–293
ment in 8.6% of the patients and the remaining 1342 continued to
suffer tachypnoea.
Oxygen saturation was measured in 1927 patients on two
occasions, ranging from 121 in Cantabria to 1112 in Richmond.
Table 4 demonstrates that in patientswith hypoxemia (SpO2 <90%)
improvement of oxygen saturation was most effective in Bonn and
Richmond. Oxygen saturation was increased by 13.4±9.6% and
11.8±10.5%, respectively. The increase in Bonn was signiﬁcantly
higher than in Cantabria and Coventry (8.7±5.6% and 9.7±5.6%,
respectively). Emergency physicians in Bonn were confronted with
the highest percentage of patients with hypoxemia, but all EMS
systems were able to normalize SpO2 in more than 75% of these
patients.
3.3.3. Patients suffering from OHCA (Table 5)
872 patients were included, 499 in Richmond and 72 in Coven-
try. 818 patient records reported initial rhythm and outcome. We
demonstrate that when emergency physicians treated patients
with OHCA signiﬁcantly more patients reached hospital alive than
when treated by paramedics (Bonn: 35.6%; Cantabria: 30.1% [O.R.
1.28 (95% CI 0.75–2.2; p>0.05]; Coventry: 11.9% [O.R. 4.07 (95%
CI 1.81–9.61; p<0.05] and Richmond: 9.2% [O.R. 5.47 (95% CI
3.46–8.64; p<0.0001], respectively).
In the subgroup of patients found with VF all systems were
able to admit more patients with ROSC to the hospitals, but dif-
ference between the EMS systems favouring the physician staffed
systems still remained (Bonn: 60%; Cantabria: 48.8% [O.R. 1.57 (95%
CI 0.66–3.75; p>0.05]; Coventry: 11.1% [O.R. 12 (95% CI 3.09–46.6;
p<0.05] and Richmond: 17.7% [O.R. 6.97 (95% CI 3.07–15.85;
p<0.05], respectively). In addition, in the subgroup of patients
with PEA/Asystole as initial presenting rhythm, Bonn andCantabria
demonstrated the highest success rates (Bonn: 26.6%, Cantabria:
16.7% [O.R. 1.81 (95% CI 0.82–4.04; p>0.05]; Coventry: 12.5% [O.R.
2.54 (95% CI 0.91–7.1; p>0.05] and Richmond: 7.0% [O.R. 4.79 (95%
CI 2.69–8.54; p<0.0001], respectively).
In Richmond the admission rate increased after the introduction
and implementation of a “LDB chest compression device” over-
all and in the subgroups (all: 9.2% vs. 21.7%; VF: 17.7% vs. 33.3%;
PEA/Asystole: 7%vs. 18.1%). InBonnEMSsystem, theadmission rate
with ROSC was 5.4-fold higher before (O.R. 5.47 (95% CI 3.46–8.64;
p<0.01) and still 2-fold higher (O.R. 1.99 (95% CI 1.28–3.1; p<0.05)
after the introduction of LDB in Richmond.
4. Discussion
To our knowledge this study is the ﬁrst which compares four
separateEMSsystems in four countries on twocontinents, concern-
ing structure, processesandqualityof treatment includingoutcome
afterOHCA.More than6200patientswere included,when they suf-
fered from chest pain, severe dyspnoea or OHCA and were treated
by the ALS-units of one of the participating EMS systems.
The study revealed as a secondary ﬁnding a remarkable differ-
ence in the rate of “highest priority responses” in the four systems
(Table 1), which can be explained by differences in the incidence of
the disease and the utilization and demand of the EMS system by
the population. This indicator was deﬁned ﬁrst by the EED-group
but it needs further investigations for better understanding.4
As a main result we found an exceptionally high level of EMS
organisation in the four regions. Dispatch centres in Cantabria,
Coventry and Richmond used computer aided dispatch and digital
radio systems which allowed GPS vehicle tracking, caller identi-
ﬁcation and mapping and routeing of responder vehicles. These
systems used AdvancedMedical Priority Dispatch System (AMPDS)
for clinical evaluation of the emergency calls, prioritisation and dis-
patching. In the three cities the dispatch staffs were supported by
M
.Fischer
et
al./R
esuscitation
82
(2011)
285–293
289
Table 3
Number/rate of patients and ALS interventions, number/rate of drug therapy.
Bonn Cantabria Coventry Richmond Sum
Inhabitants [1×100,000] 3.41 5.38 3.05 1.98
Time period [years] 1.167 1.083 1.167 2.250
Patients [1] 1261 489 794 3733 6277
Chest pain [1]◦ 576 45.7% 210 42.9% 355 44.7% 1305 35.0% 2446
Dyspnoea [1]◦ 520 41.2% 143 29.2% 367 46.2% 2122 56.8% 3152
Cardiac arrest [1]◦ 165 13.1% 136 27.8% 72 9.1% 306 8.2% 679
Intervention rate %of pat %of pat %of pat %of pat Chi2
ALS interventions  1299 308 787 1991
Intubations No. of intv./% 193 15.3 75 15.3 79 9.9 158 4.2 p<0.0001
Drug therapy No. of intv./% 1106 87.7 233 47.6 708 89.2 1833 49.1 p<0.0001
%of pat %of pat %of pat %of pat
Chest pain No. of patients/% 542 94.10 100 47.62 319 89.86 520 39.85
Dyspnoea No. of patients/% 418 80.38 70 48.95 326 88.83 887 41.80
Cardiac arrest No. of patients/% 146 88.48 63 46.32 64 88.89 164 53.59
Number of drug therapy No. of drugs 3175 732 1048 5249 ANOVA/post hoc Tukey
Chest pain Mean per pat± SD 3.11±1.33 1.67±0.8 1.52±0.6 1.61±0.72 p<0.0001/*#◦
Dyspnoea Mean per pat± SD 2.02±1.56 1.43±0.69 1.06±0.27 1.28±0.6 p<0.0001/*#◦ ’(”)
Cardiac arrest Mean per pat± SD 2.02±1.02 1.30±0.56 1.66±0.48 1.41±0.52 p<0.0001/*#◦ ’
All diagnosis Mean per pat± SD 2.56±1.34 1.5±0.73 1.32±0.53 1.4±0.65 p<0.0001/*#◦ ’
Patients with ALS interv. ALS intv. rate [1/100,000/year] 326.5 52.8 221.2 446.9
Patients with ALS interv. ALS intv. Rate [1/100Pat] 103.0 63.0 99.1 53.3
Rate of drug therapy ALS intv. rate [1/100,000/year] 798.1 125.6 294.6 1178.2
[1/100 Pat] 251.8 149.7 132.0 140.6
Rate of ALS interventions “per 100 patients” or “per 100,000 populations per year” are indicators for the level of care provided by the organised EMS system to the patients or the population, respectively. The rates are calculated
by counting ALS interventions such as tracheal intubation (number) and drug application (number and mean value per patient); Statistical analysis using CHI2 and ANOVA/post hoc Tukey-HSD test: Signiﬁcance p<0.01: ◦ BN vs
Cov; #BN vs Rich; *BN vs Cant; ’Cant vs Cov; +Cant vs Rich;”Cov vs Rich; ( )p<0.05.
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Table 4
Quality of performance; difference before (T1) and after (T2) treatment by an ALS unit.
Bonn Cantabria Coventry Richmond ANOVA
Patients with chest pain and pain score n 572 198 287 1106
Pain at T1 Mean± SD 2.69±0.72 3.1±0.81 2.65±0.51 2.54±0.62 P<0.0001;*# ’ +
Pain at T2 Mean± SD 3.48±0.56 3.48±0.67 3.05±0.46 2.98±0.72 P<0.0001;◦#’ +
Difference of pain (T2−T1) Mean± SD 0.79±0.69 0.38±0.59 0.39±0.52 0.44±0.66 P<0.0001;◦*# ”
Strong pain (2) n atT1/T2 264/17 54/20 103/23 584/297
Pain at T1 Mean± SD 2.00 2.00 2.00 2.00 p<0.0001
Pain at T2 Mean± SD 3.25±0.56 2.85±0.72 2.82±0.5 2.66±0.73 P<0.0001;◦#*
Difference of pain (T2−T1) Mean± SD 1.25±0.56 0.85±0.72 0.66±0.5 0.66±0.73 P<0.0001;◦#*
Patients with chest pain and heart rate n 574 191 265 915
Bradycardia (<60/min) n at T1/T2 49/38 24/20 26/32 36/62
Heart rate at T1 Mean± SD 38.28±12.11 40.38±5.29 39.18±10.72 26.82±19.44 n.s.
Heart rate at T2 Mean± SD 72.67±22.45 59.5±20.86 53.09±18.56 61.64±19.74 n.s.
Difference of heart rate (T2−T1) Mean± SD 34.39±29.64 19.12±23.39 13.91±25.94 34.81±37.2 n.s.
Tachycardia (>120/min) n at T1/T2 72/35 8/3 26/15 87/66
Heart rate at T1 Mean± SD 133.58±18.83 142.38±33.04 137.0±20.99 139.83±25.02 n.s.
Heart rate at T2 Mean± SD 110.13±20.97 106.0±18.88 129.27±30.08 128.41±28.78 P<0.0001;◦#
Difference of heart rate (T2−T1) Mean± SD −23.46±24.8 −36.38±25.79 −7.73±16.86 −11.41±22.15 P<0.0001;◦#’ +
Patients with dyspnoea and respiratory rate n 494 116 234 1327
Slight tachypnoea (19–29/min) n at T1/T2 152/70 51/55 140/148 631/749
Resp rate at T1 Mean± SD 22.98±2.83 22.84±2.7 24.11±2.84 24.1±2.92 P<0.0001;◦#’ +
Resp rate at T2 Mean± SD 16.8±3.94 20.96±3.37 21.28±3.18 22.24±4.82 P<0.0001;◦*#
Difference of respiratory rate (T2−T1) Mean± SD −5.18±4.02 −1.88±3.19 −2.83±2.78 −1.86±4.47 P<0.0001;◦*#
Severe Tachypnoe (30-85/min) n at T1/T2 43/8 43/29 76/38 528/323
Resp rate at T1 Mean± SD 35.12±8.44 36.72±4.57 36.01±4.81 36.54±6.64 n.s.
Resp rate at T2 Mean± SD 22.28±8.67 30.77±7.1 30.67±6.41 30.85±7.22 P<0.0001;◦*#
Difference of respiratory rate (T2−T1) Mean± SD −12.84±11.85 −5.95±7.17 −5.34±5.03 −5.69±6.79 P<0.0001;◦*#
Patients with dyspnoea and SpO2 n 488 121 206 1112
For patients with SpO2 <90 n at T1/T2 243/60 49/12 70/12 271/71
SpO2 at T1 Mean± SD 79.49±9.47 83.71±3.53 85.14±4.73 81.81±9.65 P<0.05; ◦ * #
SpO2 at T2 Mean± SD 92.9±5.84 92.37±6.11 94.89±4.89 93.64±8.79 n.s.
Difference of SpO2(T2−T1) Mean± SD 13.41±9.64 8.65±5.6 9.74±5.59 11.83±10.51 P<0.05; ◦ *
S -HSD
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itatistical analysis using ANOVA (n.s. = not signiﬁcant =p>0.05) and Post Hoc Tukey
s Rich;”Cov vs Rich; T1/T2: Pain level, heart rate, respiratory rate or oxygen satura
evel: 2 = strong; 3 =moderate; 4 =no pain.
n emergency demand prediction analysis; which in the Richmond
ystem was used to place the ALS units close to predicted emer-
ency scenes. These arrangements led to the result that 88% of
ll emergencies in Richmond were reached by an ALS unit within
80 s compared to 66% in Cantabria. But it has to be noted that
n Cantabria a mix of urban, suburban and rural areas had to be
erved. The lack of computer aided dispatch technique in Bonn was
artly compensated by the dispatchers’ excellent local knowledge
nd therefore 85.4% of ALS units were on scene within 480 s. To
ate there have been no studies performed, which analysed sensi-
ivity, speciﬁcity, positive and negative predictive value comparing
MPDS with the use of highly skilled dispatchers.10–12
From our experience in comparing different systems there is
vidence, that AMPDS will enable dispatch centres to deploy their
esources on a rational and efﬁcient basis but there is a lack in
ccuracy which must be improved.12–17 We found that deployed
nit hours were related to population density, the “highest pri-
rity response” rate and the response time reliability. Modern
ispatch technique was used successfully in Coventry and Rich-
ond to reduce deployed unit hours and to increase the utilisation
atiowithout reducing response timecapability and reliability.1,4 In
antabria however, rurality and the longer approach to the patients
ill limit the optimization potential of this technique.
From a historical perspective the main purpose of organized
MS was the transportation of injured patients. Nowadays EMS
ystems are mainly faced with acute medical emergencies. It is
herefore necessary that training and skills of EMS personnel are
dapted to meet these medical threats to life.
All systems studied deployed EMS staff who had undertaken a
tructured process of education and training. Drug administration
s legally restricted to physicians only in Germany. Furthermore,test; signiﬁcance p<0.05:◦ BN vs Cov; #BN vs Rich; *BN vs Cant; ’Cant vs Cov; +Cant
arrival (T1) or after treatment (T2); MV: Mean value; SD: standard deviation; Pain
the legal structure and funding for EMS in Bonn proscribes that
emergency physicians are an essential component part of the pre-
hospital EMS system. A physician’s education in Germany lasts at
least six years at the medical school, with two years of medical
practice in the hospital as well as an emergency physician training
plus examination.
4.1. Quality of performance
In Bonn, intensive pharmacological therapy of patients with
chest pain yielded the most effective reduction of pain and heart
rate. This result emphasized the importance of medically qualiﬁed
EMS staff. Lossius et al. found that preclinical treatment of patients
with NACA score 5–6 because of OHCA, cardiac diseases, cardiac-
respiratory failure and trauma, performed by an anaesthesiologist,
led to a health beneﬁt, measured in life years gained.18 This result
corresponds to our ﬁndings that ALS treatment by physicians will
improve vital status after cardiac chest pain and outcome after
OHCAcompared to less sophisticatedALS treatmentbyparamedics.
Broad clinical experience as well as a comprehension of the
underlying pathophysiological processes is an advantage when
treating emergency patients. This seems to play a crucial rolewhen
considered that only basic medical instruments such as anamnesis,
clinical ﬁndings and interpretation of 12-lead-ECG should result in
a working diagnosis that in a sequence leads to optimised treat-
ment. Therefore the physicians of the Bonn and Cantabria system
had the knowledge and are enabled due to the legal aspects to
individualize standard operating procedures (SOP’s) for every sin-
gle patient if needed, instead of keeping within rigid SOP’s that
paramedics had to follow.
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Table 5
ROSC and hospital admittance after out of hospital cardiac arrest (OHCA) for patients with ventricular ﬁbrillation or PEA/asystole.
Bonn Cantabria Coventry Richmond (manual) Richmond (LBD)
N % N % N % N % Chi2 test N % Chi2 test
(a) 165 136 72 499 278
(b) 159 96.4 104 76.5 69 95.8 486 97.4 278 100.0
% of cases % of cases % of cases % of cases % of cases
VF(b) 40 25.2 43 41.3 27 39.1 96 19.8 63 22.7
%of VF %of VF %of VF %of VF %of VF
ROSC 24 60.0 22 51.2 5 18.5 28 29.2 p<0.01for◦#’ + 36 57.1 p<0.05for◦ ’
Admitted to hospital 24 60.0 21 48.8 3 11.1 17 17.7 p<0.05 for ◦ #’ + 21 33.3 p<0.05for◦ ’
Odds ratio* 1.57 12.00 6.97 3.00
(CI 95%) 0.66<OR<3.75 3.09<OR<46.60 3.07<OR<15.85 1.32<OR<6.82
% of cases % of cases % of cases % of cases % of cases
PEA/asystole (b) 109 68.6 60 57.7 40 58.0 384 79.0 204 73.4
% of PEA/Asy % of PEA/Asy % of PEA/Asy % of PEA/Asy % of PEA/Asy
ROSC 30 27.5 13 21.7 17 42.5 73 19.0 p<0.01 for’ ” 55 27.0 p<0.05 for’ ”
Admitted to hospital 29 26.6 10 16.7 5 12.5 27 7.0 p<0.05 for # + 37 18.1 Not signif.
Odds ratio* 1.81 2.54 4.79 1.64
(CI 95%) 0.82<OR<4.04 0.91<OR<7.10 2.69<OR<8.54 0.94<OR<2.85
VF+PEA/asystole 149 % of all cases 103 % of all cases 67 % of all cases 480 % of all cases 267 % of all cases
ROSC 54 36.2 35 34.0 22 32.8 101 21.0 p<0.05for# + ” 91 34.1 Not signif.
Admitted to hospital 53 35.6 31 30.1 8 11.9 44 9.2 p<0.05 for ◦ #’ + 58 21.7 p<0.05 for ◦ #’
Odds ratio* 1.28 4.07 5.47 1.99
(CI 95%) 0.75<OR<2.20 1.81<OR<9.16 3.46<OR<8.64 1.28<OR<3.10
*Odds ratio: Admittance to hospital, BN vs X. (a): Number of reported patients with cardiac arrest as ﬁrst diagnosis on scene regardless of any information about ROSC and admittance status was reported; (b): Data sets
with information about ROSC and admittance status available/Percentage of completely reported data sets; VF: Ventricle ﬁbrillation; ROSC: Return of spontaneous circulation; PEA: Pulseless electrical activity; Asy: Asystole;
Bonferroni’s correction. Signiﬁcance in admittance rate of VF patients or Asys/PEA patients, p<0.01: ◦ Bonn vs Coventry, #Bonn vs Richmond, *Bonn vs Cantabria, ’Cantabria vs Coventry, +Cantabria vs Richmond, ”Coventry vs
Richmond, (manual): CPR performed manual, (LDB): CPR performed by a load-distributing band chest compression device.
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A further advantage of physicians on scene is their ability to
iagnosemyocardial infarctionwithout delay by accurate interpre-
ation of a 12 lead ECG19,20 and so enhance chances for accessing
CI as a ﬁrst line therapy for acute ST-elevation myocardial infarc-
ion (STEMI) according to recent US and European guidelines.21–23
he conclusion can be drawn that there is a positive correlation
etween the level of ALS staff qualiﬁcation and health beneﬁt in
atients until admission with chest pain.
In patients with dyspnoea we could demonstrate that physi-
ian manned ALS units performed more intensive drug therapy
ith a measurable beneﬁt. These results are consistent with the
ndings of Stiell et al. showing the beneﬁt of ALS measures by
aramedics on outcome for patients with respiratory distress.24
or patients with bronchial obstruction, improvement of the peak
xpiratory ﬂow by the prehospital administration of beta agonists
as demonstrated.25 Our experience however is, that the differ-
ntiation between bronchial obstruction and cardiac failure—both
eading to severe breathing disorders—is more difﬁcult to decide
or paramedics than for physicians but undoubtedly necessary for
tarting the right drug treatment.
In Bonn more patients were treated with tracheal intubation
han treated after OHCA, meaning that besides cardiac arrest
dditional intubations were performed in patients with severe
reathing disorders. In Bonn EMS system only physicians with
raining in anaesthesia were employed, with a high level of skill
nd training in anaesthesia induction and airway management,
ven in challenging emergency situations. Therefore, this measure
ould have contributed to the better results in Bonn EMS system.
owadayswe have to consider ﬁrstly that non-invasive ventilation
upport could be an alternative to tracheal intubation and secondly
hat anaesthesia induction and tracheal intubation should only be
erformed bywell trainedmedically qualiﬁed personnel.26,27 Stiell
t al. clearly demonstrated that intubation by paramedics after
evere trauma was associated with worse outcome.28
In the preclinical service we therefore recommend anaesthesia
nduction and tracheal intubation for non cardiac arrest patients
nly by highly trained personnel. To achieve proﬁciency in these
easures the minimum number of 20 intubations is required.29
hese techniques shouldbeperformed, therefore, in elective care in
ore than 50 patientswho appear to be normal on a routine airway
xamination.30,31 Pratt et al. demonstrated that with an intensive
raining program in anaesthesia induction and endotracheal tube
lacement an acceptable success rate canbe achieved.32 In addition
t is recommended to repeat this training at least once ayear to keep
he skills of anaesthesia induction and tracheal intubation.33
Our study clearly demonstrated a better short-term survival
fter OHCA when a physician manned ALS unit was on scene. Best
urvival rates were achieved in Cantabria and Bonn where drug
reatment was most intensive. These ﬁndings are in line with the
tudy of Olasveengen et al. demonstrating in a prospective ran-
omised trial, that intravenous access and drug administration
igniﬁcantly increased short-term survival.34
In addition to this Norwegian study, long-term success
fter OHCA was higher in Bonn compared to Richmond and
est Midlands Ambulance (WMAS) service reviewing previous
tudies.6,8,9,35 The rate of hospital discharge reached only 4%
n WMAS, 2.88% and 9.71% in Richmond before and after the
ntroduction of the LDB device respectively, and amounted to
4.7% in the Bonn EMS system for patients after non traumatic
HCA.6,8,9,35
We therefore conclude that education, qualiﬁcationand training
evel of the ALS staff had a signiﬁcant inﬂuence including long-term
utcome after OHCA. This hypothesis was supported by Woodall
t al. who clearly demonstrated that highly trained ACLS-skilled
aramedics provide added survival beneﬁt after OHCA compared
o non-intensive care trained paramedics. In addition, the OPALSn 82 (2011) 285–293
study demonstrated that after the introduction of an ALS program
to an EMS of optimized rapid deﬁbrillation, a signiﬁcantly better
short-termsuccess ratewasachievedwithout increasing long-term
success.36
Herlitz et al., Fischer et al. and Böttiger et al. demonstrated in
their studies the results after OHCA in six European regions.8,35,37
The survival to discharge reached 14.2 to 23%. In all of these sys-
tems physicians had taken care of the patients in the pre-hospital
phase. The authors concluded that this concept may be associated
with good long-term outcome after OHCA; but further studies are
required to assess whether treatment by physicians is an indepen-
dent determinant for improved long-term outcome and survival.
However, for legal reasons a randomized study for this purpose is
not feasible in Germany and Spain but may be possible in UK and
USA.
5. Conclusion
Higher medical qualiﬁcation of ALS unit personnel has a posi-
tive effect on improving vital signs after treatment of patients with
chest pain anddyspnoea. AfterOHCA the survival depends onmany
determinants, but our ﬁndings support the hypothesis that highly
trained medical staff, in particular, emergency physicians on scene,
will increase survival after OHCA. Measured in terms of improved
patient outcome, a two tiered system with Emergency Medi-
cal Technicians (EMTs) trained in BLS and deﬁbrillation, assisted
by an effective and selective dispatch centre sending out physi-
cians when required seems to be the most effective EMS-system
design.
This study provides evidence which may guide standards across
Pre-Hospital Emergency Care and suggests that further research
into this important area of care is required in an ageing popu-
lation where complex pre-hospital emergencies are increasingly
likely to occur and where effective early management may make a
signiﬁcant difference to initial survival.
6. Limitation
The Bonn EMS system is not unique in Germany, as the sur-
vival rates after OHCA from other EMS systems are demonstrating
(reanimationsregister.de).38,39 A Medical Director and a quality
assurance program in combination with highly trained emergency
physicians (anaesthesiologists) is not a standard across Germany.
The data collection ended in 2004, since then many improve-
ments have taken place in all participating EMS systems, including
non-invasive ventilation in patients with respiratory distress and
the implementation of the ERC/AHA Guidelines for resuscitation
after 2005.
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